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ABSTRACT 
Passion fruit peel obtained after juice extraction was used for extraction experiments of 
pectin. The effect of pH, water to peel ratio, and number of extractions, extraction time and 
temperature on the yield and quality characteristics of pectin were investigated. The optimized 
conditions for extraction of pectin frompassion fruit peel yielded 2.5 g/100 g of fresh 
peel.Powder pectin extracted from the fresh peels had pectin content of 95 %. The average 
degree of esterification of pectin was found to be 35-45 % and did not contain pathogenic 
microorganisms so it is suitable as a raw material for pectic oligosaccharide (POS) production. 
Keywords: passion fruit, pectin extraction, degree of esterification, pectic oligosaccharides. 
1. INTRODUCTION 
Pectin is a high-value functional food ingredient widelyused as gelling agent and stabilizer. 
It is also an abundant,ubiquitous and multifunctional component of the cell wallsof all land 
plants [1].The main raw materials used to produce commercialpectin are apple pomace and 
citrus peels. Verylittle is known about the pectin substances in passion fruitin general. The peel 
represents about half ofthe fruit mass. Hence it is necessary to find a feasibleway to turn the 
peels into useful products.Pectin extraction is a multiple-stage physicchemicalprocess in which 
the hydrolysis and extraction of pectinmacromolecules from plant tissue and their 
solubilisationtake place under the influence of different factors, mainlytemperature, pH, and 
time [2]. Pectin is a polymer of a-galacturonic acid with a variable number of methyl ester 
groups and the percentageof esterified groups is expressed as DE (degree ofesterification). 
Depending on the degree of esterification,pectin is divided into two major groups: high-ester 
pectin,with DE higher than 50 %, and low-ester pectin, with DElower than 50 % [1]. There have 
been several reports of pectin extraction from passion fruit peel. However, the pectin obtained is 
mainly in the form of high-ester [2, 3].Pectic oligosaccharide (POS) obtained by partial 
hydrolysis of pectin is proposed as a new class of prebiotic which has many beneficial properties 
for the health of humans and animals.POS has been reported to have better biological properties 
when produced from low esterified pectin compared to highly esterified sources [4, 5]. The aim 
of the present work is to develop a optimized conditions for extraction of low-ester pectin from 
fresh passion fruit peel by citric acid using for POS production. 
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2. MATERIALS AND METHODS 
2.1 . Materials 
The passion fruit peel wasobtained from the passion juice processing facilities in Hanoi, 
Vietnam. They were used as the raw material for all the pectin extraction. All the chemical 
reagents used were of analytical grade. 
2.2 . Method  
2.2.1. Pectin extraction 
The extraction procedure was according to the Kulkarni S.G et al (2010) [3] method, with 
slight modification. The passion fruit peel was washed with water, blanched in boiling water for 
5 minand then used as the raw material for all the pectin extractions.Pectin was extracted with 
different water to peel ratio (v/w), pH (acidified with different volumes of 0.1 Ncitric acid), 
extraction times and extraction temperature.The hot acid extractwas filtered through the ordinary 
screen with 1.5 mm meshsize equipped with two-layer cheesecloth, and the filtrate(containing 
pectin) was concentrated 6 times (about 26
 o
Bx) by vacuum evaporation. The concentrated 
extract was cooled down to 4
 o
C and centrifuged for 30 min at 6000 rpm. The supernatant was 
precipitate with ethanol with different ethanol/concentrates ratio (v/v) at 4 
o
C for 30 min in order 
to allow pectin flotation. The floating pectin was separated by filter cloth and rinsedwith 
absolute ethanol. At the end of process, the pectin precipitate was washed with alcohol and dried 
in an air-circulate oven at 45
 o
C for 12 h. The dried pectin was ground into a fine powder. 
Production yield (yield of pectin) was gravimetrically determined and expressed as a weight of 
the extracted dried pectin to 100 g of fresh peel used for extraction. 
2.2.2. Determination of pectin [3] 
Dissolve 0.03 g of sample in 20 ml distilled water and 0.1 N NaOH solution (100 mL) was 
added with constant stirring for 7 h to completely saponify pectin into pectic acid. 50 mL of 
0.1N acetic acid solution was added followed by 50 mL of 2 N calcium chloride solution with 
stirring. The mixture was allowed to stand for 1 h and boiled for 5 min. Pectin was precipitated 
as calcium pectate and filtered through a No. 4 Whatman paper. The precipitate washed with hot 
distilled water till it is free from chlorides. The filter paper containing the calcium pectate dried 
overnight in a oven at 100
o
C. The filter paper was cooled in a desiccator and weighed. The 
content of pectin (P) is calculated by the following formula: 
                                        P (%) = 03,0
100.92,0.m
 
m:Weight of calcium pectate(g); 0.92: Coefficient of conversion from calcium pectate to pectin 
2.2.3. Determination of degree of esterification [2] 
The degree of esterification (DE) of pectin samples were determined by the potentiometric 
titration method. Dried pectin (0.2 g) was placed in a weighing bottle for titration and wetted 
with ethanol. Distilledwater, at 40
 o
C (20 mL), was added by stirring. The polymer was dissolved 
by stirring for 2 h. The resulting solution was titrated with 0.1 N NaOH in the presence 
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ofphenolphthalein and the result was recorded as the initialtitre (It). Then, a 0.1 N NaOH 
solution (10 mL) was addedto a neutralized polygalacturonic acid sample after determination of 
the free carboxy groups. The weighing bottle was plugged with a stopper. The content was 
stirred at room temperature for 2 h to saponify the esterified carboxy groups of polymer. Then 
0.1 N HCl (10 mL) was added. Excess HCl was titrated with 0.1 N NaOH. The number of 
esterified carboxy groups was calculated from the volume of 0.1 N NaOH solution spent for 
titration (the final titre-Ft). The degree of esterification (DE) of pectin was calculated as follows: 
     
  
       
     
3. RESULTS AND DISCUSSION 
3.1. Effect of water to peel ratio  
The effect of water to peel ratio on the yield of pectin is presented in Figure 1. The pHs of 
the extracting medium, extraction time and extraction temperature was kept for 3, 8 min and at 
80
 o
C, respectively. The water to peel ratio for extraction of pectin from passion fruit peel was 
varied from 4:1 to 1:1 (v/w). The yield of pectin was increased when the water to peel ratio 
increased. The yield of pectin was found to be low 1.2 g/100 g of fresh peel at 1:1 water to peel 
ratio. The low recovery of pectin could be due to the insufficient quantity of water required for 
solublizing the pectin.The maximum yield of pectin was 2.2 g/100 g of peel, obtained at 4:1 
water to peel ratio.However, for the purpose of solvent saving to precipitate pectin at the next 
stage, the 3:1 water topeel ratio will be selected for further tests. 
Figure 1.  Effect of water to peel ratio on the yield of pectin from passion fruit peel. 
3.2. Effect of pH 
Effect of pH on the yield and quality characteristics of pectin extracted from peels of 
passion fruit is given in Figure2. Other extraction conditions such as the ratio of water to peels, 
extraction temperature, and time were maintained at 3:1 (v/w), 80
 o
C and 8 min, respectively.The 
yield of pectin in the extraction was 2.2 g/100g of peel at pH 2.The yield of pectinwas found to 
be significantly less at pH 4and 5(1.6 and 1.58 g/100g of peel, respectively). Yinhua and 
Huifang (2003) [6] reported similarresults in kiwi fruit peel at pH 2 - 2.5. 
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Figure 2.  Effect of  pH on the yield of pectin from passion fruit peel. 
3.3. Effect of extraction temperature 
When the extract is heated, pectin extraction as well as methoxyl release from the pectin 
molecule are enhanced. Pectin obtained has a low DE index suitable for POS production. Effect 
of extraction temperature on the yield of pectin are presented in Figure 3. Extraction of 
pectinwas carried out at different temperatures keeping peel to extractant ratio of 3:1 (v/w), pH 
of extractant 2.0 and extraction timeof 8 min. The extraction was carried out at 20, 40, 80 and 
100
 o
C. The yield of pectin increased significantly with the increase in temperature of extraction 
from 20 
o
C to 100
 o
C. The yield ofpectin was significantly less (1.28 g/100 g of peels) at 20
 o
C. 
The maximum pectin yield of 2.56 g/100 g was observedat 100
 o
C. Similar observations were 
reported for yellowpassion fruit peels byKliemann (2009) [7]. 
Figure 3.  Effect of extraction temperature on the yield of pectin from passion fruit peel. 
3.4. Effect of extraction time 
The yield of pectin at different extraction times is shown in Figure 4. The extraction time 
were maintained at 5, 10 and 15 min for each extraction. The other extraction conditions such 
aspeel to extractant ratio, pH of extractant and extraction temperature were maintained at 3:1 
(v/w), 2.0 and 100
 o
C, respectively. The results showed that the yield of pectin increased with 
increase in extraction time. The pectin yield was 1.6 g/100 g of peel at 5 min boiling which 
increased to 2.5 g/100 g peel at 10 min boiling (Figure 4). However, further increasing the 
extractiontime to 15 min, the pectin yield was reduced. This could be due to the partial 
degradation of pectin. Thus, the optimum time of extraction for the maximum yield of pectin 
was found to be 10 min. 
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Figure 4.  Effect of extraction time on the yield of pectin from passion fruit peel. 
3.5. Effect of number of extractions 
The effect of number of extractionson the yield of pectin ispresented in Figure 5. The 
extraction conditions such as peel to extractant ratio, pH of extractant, extraction period and 
extraction temperature were maintained at 3:1 (v/w), 2.0 , 10 min and 100
 o
C respectively.Pectin 
extraction is repeated 3 times. It indicated that maximum pectin from passion fruit peels could 
not be recovered in single extraction but the recovery of pectin from the second and the third 
extraction were not significantly increased. Hence, it was found not necessary to employ second 
and third extraction.  
Figure 5.  Effect of  number of extractions on the yield of pectin from passion fruit peel. 
3.6. Pectin precipitation by ethanol 
In order to reduce the amount of solvent for precipitation, the clarified pectin extract was 
concentrated 6 times (26 
o
Bx) by vacuum evaporation. The concentrated extract was centrifuged 
and precipitated with ethanol.The ethanol/concentrates ratio for precipitation of pectin was 
varied from 1:1 to 4:1 (v/v). Other precipitation conditions such as the temperatureand time were 
maintained at 4
 o
C and 30 min, respectively. At the end of process, the pectin precipitate was 
washed with alcohol, dried, milled and analysed. 
Table 1.The influence of the ethanol/concentrates ratio to precipitate efficiency. 
Ethanol /concentrates ratio (v/v) Pectin (g/100g of peel) Relative yield (%) 
1:1 1.60 62.75 
2:1 2.10 82.35 
3:1 2.50 98.04 
4:1 2.55 100 
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Results in Table 1 shows that when the ethanol/concentrate ratio increases, recovery 
efficiency also increases and reached the highest value is 2.55 g/100 g of peel at the ratio of 4:1. 
However, at the ratio of 3/1, pectin relative recovery yield is also achieved at 98 %. Therefore, 
based on product price, the ratio of 3/1was selected for the pectin precipitation.  
3.7. Evaluation the quality of pectin from passion fruit peel 
The analysis results in Table 2 showed that the pectin from passion fruit peel had pectin 
content of 95 % and moisture content of 5.47 %. The average degree of esterification of pectin 
was found to be 35-45 % which usually reaches 70-80 % in commercial pectin. 
Pinheiro(2008)[2] obtained high-ester pectin (78.59 %) under extraction conditions with citric 
acid at pH3, temperature 97
 o
C and extraction time 60 min. 
The data in Table 2 also indicates that the pectin product satisfies the microbiological 
requirements of the National technical regulations for pathogenic microorganisms (NTR 8- 3: 
2011/BYT).Therefore it could be conclude that pectin obtained under the conditions of this 
paper are suitable raw material for POS production. 
Table 2. The results of quality analysis pectin from passion fruit peel. 
Analysis Indicator (Methods) Unit Result 
Pectin % 95 
Degree of esterification % 35-45  
Moisture content % 5,47 
Total number of aerobic bacteria (TCVN 9977:2013) CFU /g 6 x 10 
Coliforms (TCVN 6848:2007) CFU /g ND
 
Salmonella aureus (TCVN 4929:2005) CFU/25g ND 
Total number of yeast, moldy spores (TCVN 8275-2:2010) Spore/g ND 
ND: Not Detected 
4. CONCLUSIONS 
It may be concluded from the above studies that low-ester pectincan be extracted from the 
peels of passion fruit using citric acid. The extraction condition was found at water to peelratioof 
3:1 (v/w), pH 2, extraction temperature of 100
 o
C and time of extraction of 10 min. 
Pectin is precipitated by ethanol at  4
 o
C for 10 minutesand ethanol/extraction ratio of 3:1. The 
passion fruit peel yielded pectin of 2.5 g / 100 g fresh peel. 
The utilization of passion fruit peel for commercial pectin production will not only solve 
the problems of waste disposal but also meet the requirement of pectin forenhancing the 
functional properties of different food products like pectic oligosaccharide. 
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TÓM TẮT 
TÁCH CHIẾT PECTIN TỪ VỎ QUẢ CHANH LEO CHO SẢN XUẤT                                  
PECTIC OLIGOSACCHARID (POS) 
Nguyễn Thị Xuân Sâm*, Lê Thị Huyền 
Trường Đại học Bách Khoa Hà Nội, số 1 Đại Cồ Việt, Hà Nội, Việt Nam 
*
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Thử nghiệm tách chiết pectin được thực hiện với nguồn vỏ quả chanh leo thu nhận sau quá 
trình tách dịch quả. Ảnh hưởng của pH, tỉ lệ vỏ với dịch chiết, số lần chiết, thời gian và nhiệt độ 
chiết lên hiệu suất chiết và thuộc tính của pectin được khảo sát. Ở điều kiện tối ưu, hiệu suất 
chiết tách pectin đạt 2,5 g/100 g vỏ tươi. Bột pectin thành phẩm chứa 95 % pectin. Với chỉ số 
este hóa dao động từ 35-45 % và không chứa các vi sinh vật gây bệnh, chế phẩm pectinnày là 
nguồn vật liệu phù hợp cho sản xuất pectic oligosaccharid (POS). 
Từ khóa: chanh leo, tách chiết pectin, mức độ este hóa, pectic oligosaccharide (POS). 
 
